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gauze or lead balls are used, tlie heat capacity per imit volume depending upon the 
density oi packing of said materials in the regenerator housing. 
^ u ^ the packing density is increased, however, the resistance to flow increases with 
the result that the pressure differential across die regenerator increases. This resistance 
to flow results m a restriction of the maximum permissible flow rate of the workin*^ 
medium and therefore of the ^eed of the motor which drives the displacer. Conse- 
quently, the motors generally used have to be comparatively large in size. A further 
25 drawback of the known regenerators is that they arc expensive to manufacture on 
account of the matenals and manufactxn^ing methods used. 

Another drawback, particularly for smaller refrigerators, is that a seal must be 
provided between die displacer and the cylinder waU to ensure that aU die working 
medimn flows tiirough the regenerator. The seal adds to die cost of materials and 
30 manufacture and also creates frictional losses. 

According to the invention dicrc is provided a cold-gas refrigerator comprising a 
compression space of variable volume communicating with an eipansion ^ace of 
vanable volume which has a lower average temperature than the compression space 
dunng the operation of the refrigerator, a displacer which is reciprocable in a cylinder 
35 to vary the volume of the expansion space, and a regenerator arranged in xhi com- 
munication between said spaces, through which communication alaseous woriancr 
medium flows to and fro between the compression space, and the ejmansion spacS 
f °/ refrigerator, wherein the regenerator is form^by an amSoar 

fif^ displacer and the cyhnder waU cooperating therewitii, at least one of 

40 die surfaces of the displacer and said cj'Iinder waU which face^each other and 
rff^^^T^f ^"'^^''^ ^ ""^'^^''^^ capacity, and the hydiauHc 

wSSf f "^"^ r^^^ ^'^^^^^ approximiitely equal to t^iceX 

widdi of the gap, satisfying die formula: j m « twiuc uiu 
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wberem: 



«=viscosity of the woridng medium, 

/>=specific density of the working medium, 
M= molecular weight of the woridng medium, ^ 
5 R=gas content, 

T=: average temperature in the gap, . 

l=the length of the gap in the axial direcuon, 

n=the number of cj-clcs per second of the refngerator, 
D= diameter of the displacer. 

SfZ rate radmissibb to that the number of cydes per second of the refrigerator 
m§ te l5S Is a"^t of which the dimensions of the electric motor driving the 25 

'"^''feTDac^faaofof the regenerator may be smaHer than 10% and is preferably 
lower^a^ 1% The "s Ja?c factor" is « be understood to m«m in this respea 
Sr4^^f the 'W' volume in the regenerator, Le., the volui^ of the spa«,^Am 
30 ±1 g^X ite overall iegen«ator volume, i.e., Ihe fr«s vofame plus the 

Wu^of thlli^iterial of wWcfa one or both of the two surfaces boundmg the gap is 

°' 'l^oX^' that the invention may be readily carried into «^f«.J^b^^ 
thereof wiU now be described in greater detail, by way of example, widi lefeience 

^ll^HT^'^cS'IWtion ofpart of a kncvn cold^s refrigerator. 
Figure 2 is a sectional elevation of part of a cold-gas refrigerator having a gap 
regenerator in accordance with the invention, and 

Hgure 3 is a sectional elevation of part of a t«ro-stage cold-gas refrigerator 
40 having a gap regenerator in accordance with the mvennon. 

Figure 1 shows a part of a tnown cold-gas refrigerator 10. It comprise a cylmder 
10a of sinless steel hkrfng a small thickness to keep the thermal conductivity m the 
looHtudinal direction smaU. A displacer 14 is reciprocable m the cylinder 10^^ Below 
tte displacer is a compression space 13 and above it is an expansion space 19. The 
AS Sspfacfr 14 comprises a base portion 15 through which extend a.ml ducts 16 which 45 
^ SriricatB wit& a legeneratot 116 incorporated in the displacer portion 11. The 
regenerator Ub consists of a material having a large heat capacitj-, for example, steel 
wlol, phosphorus-bronze gauze or lead balls. This type of regoierator has a very good 
power but also a rather large resistance to flow for the gaseous working 
iMdium. A seal 18 made of a S3'nthetic resin is secured around the base portion 15 50 
of the displacer to prevent leakage between the displacer and the cyhnder waU, so diat 
the working mediuii can pass only through the ducts 16 and regenerator 116 B*en 
flowing &Sn the compression space 13 to the expansion space 19 and back. The 
expansion space 19 is bounded on its upper side by a freezer plate 20 for ttansfemng 
the cold produced out of the space 19. The extra cold part of the refrigerator is 
surrounded by a casing 21 which encloses a heat-insulating vacuum space 22. 

Figure 2 shows diagrammaticaUy a cold-gas refngerator vrtuch generally 
corresponds to that shown in Figure 1 but in which the regenerator 116 is omitted. 
Caang 24, cylinder 28, expansion space 30 and housing 23 boundmg compression 
«l space 25 similar to die corresponding parts in Figure 1. The displacer 26 consists of 
asolid cylindrical body manufactured from synthetic resin of poor thermal con- 
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ciuctivity and surronnded by a tfain stainless-stieel skin 27. Between die cylinder 28 
which is also manufactured from stainless steel, and the displacer 26 there is an 
annular gap 29. In its passage from the compression space 25 to the expansion space 
30 the working medium flows through the gap 29, giving up thermal energy to the 
metal walls 28 and 27. During its flow in the reverse direction the working medium 
absorbs the tliermal energy stored in the walls 28 and 27- In order to obtain a 
readily operating machine, the dimensions of the gap 29 must be such that the heat- 
transfer nxmiber Q > 200 and the pressure differential Ap across the gap as a result 
of flow loss < O.lp, where p is the average pressure in the machine. It has been found 
±at diese two conditions are satisfied when the hydiaulic dia me ter d^ of the gap 
29, which diameter corresponds to approximately twice the gap width, satisfies the 
formula: 

Lo, nD^ I ill < d, < 
/ pRi " pnD^ 



wherein: 



»y= viscosity of the working medium, 
p= specific density of the medium, 
M= molecular weight of the medium, 
R=gas content, 

T= average temperature of the gap, 
1= length of the gap in the axial direction, 
n=nmnber of cycles per second of the rdErigerator, 
D= diameter of die displacer. 



A practical example will now be described using helium as a working medium 
at an average pressinre of 20 atmospheres and in which tibe average temperature is 
200**K. This gives: 

R«:^8O0O 

M=4 

T=200 

7/=10-* 

^=4.8 



The displacer diameter D is 10 mm and the number of revolutions per second n=: 10. 
The gap length I is assumed to be 200 mm. The maximum hydraulic diameter of 
the gap then is: 

0.4 »/ 1 0.4 X 10-= X 200 X 10-=* 

du< = — 16 X 10 - mm. 

pnD= 4.8X10X100X10-'* 



The well-known formula for the heat-transfer number CI is : 

Cpia 

wherein 

fl!=heat-transfer coefiiciait, 
C,=heat capacity 
F==hcat-transfer area, 

m=gas mass flow rate. 
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This formula can be rewritten as follows: 

a d|i 



F 



wherein 



N0W3 if 



d,,=hydraulic diameter of gap, 
A = coefficient of heat conduction, 
»/=coefficienr of viscosityj 
S=cros5-sectional area of the gap. 



adb 

Nu=- 



Pr= 



A 



m dii 

Re=- 



then 



Nu F 



£2=- 



Re.Pr S 
For an annular gap and Pr=0.75, it holds that: 

7.5 2S-D1 



But 



RexO.75 -D.idh 
40 1 
"rT" da 



m dn H dn 2 pi 

Re=- 



whence 

20 ^= 
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2 />i dh 

where i is the average volume flaw on the warm side of the regenerator and equals 
2n.Vo=2n 



4 

D=s, Vo and s being the stroke volume and stroke respectively of the displacer. For 
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this type of refrigerator, s^D and the average flow in die regaierator is approxi- 
mately equal to Imlf diat at die warm end of die regenerator. Hence, 

40X4ij5rD 1 80 1? 1 

2p-iiD" dh pnD= dn 

Substimting die numerical values given above^ this yields: 

80X10-' 200 



0=- 



4.8 X 10 X 100 X 10-*^ 16 X 10-= 
=208 

which ensures a good heat transfer. For this pressure differential Ap occurring across 
the gap it holds that: 



12 ,y nDn 




12 X 10-^ X 10 X 10-2 X200X ior3 

10 SoAp= =8000 kg/m= 10 

(16Xl0"-/Xl0-« 



Since p=20 atm.=2XlO^ kg/sq.m, 

Ap 



-=0.04, 



yMch is very much lower than the value of 0.1 which is still admissible for a readily 
operating machine. 

15 Thus a cold-gas refrigerator is obtained which is of simple construction and 15 

which gives a good heat transfer in the regenerator and suffers very low flow losses. 

Figure 3 shows a cold-gas refrigerator of the two-stage type, that is to say, having 
two expansion spaces 31 and 30, die volumes of which are varied by the displacer 26. 
This displacer again consists of a body made of a synthetic resin and surrounded by 

20 a thin metal skin 27. Between the displacer and the cylinder wall there is again in an 20 
annular gap 29 which serves as a regenerator in the same manner as the gap 29 in die 
refrigerator shown in Figure 2. The operation of the refrigerator shown in Figure 3 
will be clear after die above explanation.^ 

WHAT WE CLAIM IS: — 

25 1- A cold-gas refrigerator comprising a compression space of variable volume 25 

commum'cating with an expansion space of variable volume which has a lower average 
temperature than the compression space during the operation of the refrigerator, a 
displacer which is reciprocable in a cylinder to vary the volume of the expansion 
space, and a regenerator arranged in the communication between said spaces, through 

30 which communication a gaseous working medium flows to and fro between the com- 30 
pression space and the expansion space during the operation of the refrigerator, 
wherein the regenerator is formed by an annular gap between the displacer and the 
cylinder wall cooperating therewith, at least one of die two surfaces of the displacer 
and said cylinder wall which face each other and bound the gap being formed of a 

35 material having a good heat capacity, and the hj'drauh'c diameter du of the ^mnnlf^r ^5 
gap, which diameter is approximately equal to twice the width of the gap, satisfying 
die fonnula: 
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wherem: . 

ij= viscosity of the working medium, 
p= specific density of the working mediunij 
M= molecular weight of the working medium, 
R=gas constant, 

T= average temperature in the gap^ 
l=the longth of the gap in the axial direction, 
n=the number of cycles per second of the refrigerator, 
D= diameter of the displacer. 

2. A cold-gas refrigerator as claimed in claim 1, wherein the space factor of 
the regenerator is smaller than 10%. i. * n, „o 

3 A cold-gas refrigerator constructed and arranged to operate substantiaUy as 
herein described with reference to Figure 2 or Figure 3 of tfie accompanying drawings. 
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